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Kinetic Derivation: Dihydrogen was activated by I to form I hydride and a proton (eqn (S1)).
Then, 2 equivalents of II ox were reduced by I hydride using one proton, followed by the regeneration of I and the formation of II red (eqn (S2)).
From the mass balance and the steady-state approximation on I hydride (eqn (S3) and eqn (S4)), the rate of the formation of II red could be expressed by eqn (S5).
From eqn (S5), eqn (S6) and eqn (S7) were obtained. 
Plots of 1/R 0 versus 1/[H 2 ] and 1/R 0 versus 1/[II ox ] were shown in Fig. S12 and Fig. S13 . The values of k 1 and k 2 were determined from these line fits as follows: k 1 = 1.6 × 10 s -1 and k 2 = 6.0 × 10 8 M -1 s -1 . The experimental data in Fig. S5 could be fitted with simulation curves using these rate constants and eqn (S5). [a] calculated by using provided data.
Fig. S1
UV-vis spectra of reaction solutions in the absence of II ox (red), I (green), or hydrogen gas (blue). initial reaction rates and the solid lines were presumably derived from the error of the concentration of hydrogen gas in reaction solutions due to its low solubility and/or the numbers of experimental points that were used for plotting the lines to calculate initial reaction rates. 
Fig. S7
Yield of II red in each step and the initial reaction rates after bubbling hydrogen gas for the recycle study. 
